The phenotypic, geographic, and species diversity of cichlid fishes have made them a 1 7 group of great interest for studying evolutionary processes. Here we present a targeted-1 8 exon next-generation sequencing approach for investigating the evolutionary 1 9 relationships of cichlid fishes (Cichlidae), with focus on the Neotropical subfamily
branches that often receive poor statistical support (López-Fernández et al. 2005 , 2010 .
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Beyond these well-known limitations, the small size of these datasets does not allow the 7 2 incorporation of species tree approaches to phylogenetic analyses, and thus, all these 7 3 studies are susceptible to producing misleading relationships due to conflict between tree with the largest taxon sampling of Central American cichlids to date, but their 7 9
analysis was not able to unambiguously resolve some relationships and was limited to Neotropical cichlid phylogeny is plagued by short basal branches that, in previous work, with a custom script (Appendix J). replicates were run locally on a desktop Apple® iMac whereas STAR analyses were run 2 3 9
on the STRAW server (Shaw et al. 2013 divergence within genera also revealed a large phylogenetic signal that resulted in 2 8 7 generally well-resolved and supported relationships among species within genera (e.g. Crenicichla). These results generally support the notion that the target capture probes 2 8 9
used in this study are adequate to resolve phylogenetic relationships within Cichlidae 2 9 0 spanning family to species levels of divergence. All analyses, regardless of methods, recovered the expected monophyletic Neotropical subfamily Cichlinae as sister to a monophyletic African Pseudocrenilabrinae, lineages in the subfamilies Etroplinae and Ptychochrominae (Fig. 1 ). These relationships have long been well established through numerous studies of molecular and 2 9 8 morphological datasets and will not be discussed further (Friedman et al. 2013 ; López- Cichlasomatini and Heroini), were likewise recovered unambiguously across analyses. Chaetobranchini and Geophagini. All these studies were based on a limited set of genes 3 1 3
and a large amount of mitochondrial data, suggesting that the much larger dataset used 3 1 4
herein resolves the previously unstable placement of Astronotini. In general, intergeneric relationships within each of the main Neotropical tribes, --
Geophagini, Cichlasomatini and Heroini--, were recovered with unambiguous support. Nevertheless, considerable ambiguity was observed across methods in the placement of 3 1 8 some lineages within these tribes (see Fig. 1 ). Given the widespread similarity among topologies, for the remainder of the paper we use the ASTRAL-II coalescent species-tree when pertinent (Fig. 2) . Later we discuss the potential impact of topological uncertainty Within the tribe Heroini, all analyses coincide in placing the South American Pterophyllum as the earliest diverging lineage, followed by a clade of Hoplarchus and 3 3 0
Hypselecara and then by a clade (mesonautines, Fig. 1 ) in which Mesonauta is sister to
Heros, which is in turn sister to Symphysodon and Uaru. A similar arrangement has been Heros, but the placement does not vary across trees in this study. Support for the As in previous studies, the remainder of Heroini is comprised by a geographically in both studies. The astatheroine clade is sequentially followed by the genus
Australoheros as sister to all other heroins, an arrangement identical with that found by Our analyses unambiguously find a monophyletic clade of purely Central found Parachromis in a subclade with Amatitlania, we find it in a different subclade that includes Amphilophus (Fig. 1) . Likewise, our grouping corresponds roughly with the other, but none of our analyses supported that relationship. The largest disagreement among topologies obtained in this study, as well as with genera Caquetaia, Heroina and the recently named genus Kronoheros (Fig. 2A) . The relationship between these lineages and the amphilophines also varies among our three 3 7 9
analyses, and often differs from relationships found in other studies. It is interesting that latter. This is a similar arrangement to that found in our STAR and concatenated 3 8 4
analyses, but in our ASTRAL-II topology ( Fig. 2A ) Nandopsis was sister to 3 8 5 amphilophines, and in turn, the two were sister to the caquetaines. In all analyses, at least Trichromis and a clade comprising Herichthys, Vieja, Wajpamheros, Chuco and Theraps, 3 9 1 but the relationships among these three lineages remain unclear ( Fig. 2A ).
9 2
Relationships among Geophagini in all analyses were generally compatible with 3 9 3 those previously described by López-Fernández et al. (2012) and comprised by two major 3 9 4 clades compatible with those described by López-Fernández et al. (2010 , 2012 . In the 3 9 5
first of these, a clade of Guianacara and Mazarunia is sister to a clade of 'Geophagus' steindachneri group) was unambiguously supported by all analyses, but 4 0 6 relationships within the group were different in the three topologies (Fig. 2B) . Moreover, Relationships within Cichlasomatini were generally identical among analyses. In Laetacara were recovered as sister to the "andinoacarines" but the relative placement of found Acaronia to be sister to all Cichlasomatini, with Laetacara either sister to the clade that in turn was sister to "andinoacarines", but support was low. to generate a large dataset aimed at resolving Cichlinae relationships that remain poorly 4 3 8
Discussion
supported. Our phylogenomic analyses confirm many relationships previously found 4 3 9
among Neotropical cichlids, and provide unprecedented resolution and support for many 4 4 0 relationships that were previously weakly supported, especially near the base of the tree. nannacarines as the sister group to the rest of the tribe (Fig. 1 and Appendices M and N, respectively). Nevertheless, despite an increase of two orders of Previous studies have repeatedly found that Neotropical cichlids diversified over a taxon sampling to this study, are resolved with unambiguous support by the 4 6 0 phylogenomic analyses presented here regardless of the method used (compare Fig. 1 shown that at least some taxa may be affected by these problems, particularly at more effects in some early events of divergence among Neotropical cichlids (Fig. 2) . with South American distribution and the Caribbean genus Nandopsis (Fig. 2A) . Recent The ability to generate a reliable phylogeny has important consequences beyond 4 9 8
the mere systematic implications of the study. Uncertainty about the order of divergence 4 9 9
and relationships among genera and higher clades can affect our ability to reconstruct the 5 0 0 history of evolutionary divergence in cichlids. Three types of studies could be affected by Gymnogeophagus, Geophagus and 'Geophagus' steindachneri, affects the certainty with whether the genus is sister to the broadly distributed Geophagus sensus stricto or to the 5 1 4
northern Andes clade including 'Geophagus' steindachneri ( Fig. 2B) . Therefore, the American cichlids is likely to have even more dramatic consequences. The incongruent Recent studies that have addressed the historical biogeography of Central American the phylogeny based on either a small number of concatenated loci (e.g., Ř í č a n et al. interpretations of the particular trees found in each of their analyses, but our study 5 3 0
suggest that the historical biogeography of Central America may require either a more Mirarab and Warnow 2015), it is possible that our ASTRAL-II topology provides a more Phylogenies are also becoming increasingly important as the framework to to changes in the tree are lineage through time and rate analyses because they depend on 5 5 7 branch lengths in ultrametric trees, which in turn depend on the accuracy of both the 5 5 8
topology and of age estimates. Because coalescent summary analyses such as ASTRAL-5 5 9
II and STAR do not provide branch lengths, the species trees estimated here cannot be 5 6 0
used directly in comparative analyses that require ultrametric topologies derived from 5 6 1 estimates of absolute time.
6 2
Finally, generating an ultrametric topology by dating phylogenomic datasets eocenicus within the geophagines. Alternatively, emerging total evidence dating methods 5 7 0 that simultaneously generate phylogenies and age estimates combining molecular, can be employed in truly phylogenomic contexts with hundreds of loci and taxa is not yet resulted in generally well-resolved, strongly-supported and broadly-congruent topologies.
The topologies obtained are similar to previous hypotheses of relationships among 5 8 1
Cichlinae but, in general, provide stronger support for many relationships that previously 5 8 2
had weak or conflicting support. The results of our analyses also suggest that the targeted
